The aim of the study was to investigate the pre-and during race nutritional intake of cyclists competing in a 210-km 1-day ultra-endurance cycle race. Forty five endurance-trained male cyclists participated in this dietary survey and completed a 3-day dietary record. Mean reported carbohydrate (CHO)-intake over the 3 days prior to the race (5.6±1.7 g/kg) was below the recommended guidelines of 7-10 g/kg.
INTRODUCTION
The ingestion of a high carbohydrate (CHO) diet in the 3 days prior to an endurance event is a common practice used by athletes to enhance endurance performance.
This practice, commonly referred to as "carbohydrate-loading" (CHO-loading), is based on findings from early studies that demonstrated a positive association between pre-exercise muscle glycogen concentrations and sub-maximal exercise duration to fatigue in trained (Ahlborg, Bergström, Ekelund, Hultman, & Maschio, 1967b; Bergström, Hermansen, Hultman, & Saltin, 1967; Galbo, Holst, & Christensen, 1979) and untrained (Ahlborg, Bergström, Ekelund, & Hultman, 1967a; athletes. CHO-loading regimes have also been associated with a 2-3% performance improvement in endurance exercise in which a set distance is covered as quickly as possible (Karlsson & Saltin, 1971; Williams, Brewer, & Walker, 1992; Widrick, Costill, Fink, Hickey, McConell, & Tanaka, 1993; Rauch et al., 1995) . Athletes competing in endurance events (>90 min) are therefore recommended to CHO-load prior to the event in order to maximize their endogenous CHO stores. To achieve this, general sports nutrition guidelines recommend CHO intakes of 7-10 g/kg body mass (BM) per day in the 3 days leading up to the event (Burke, Cox, Cummings, & Desbrow, 2001 ).
In a recent review, Burke (2001) demonstrated that highly trained male athletes typically achieve CHO intakes within the recommended range during training and pre-competition. However, it is less certain whether recreational and sub-elite cyclists, who are not necessarily training and competing under the supervision of coaches and nutritionists, also meet recommended intakes prior to competition. Burke and Read (1987) have demonstrated that in real life situations, marathon runners fail to reach the daily CHO intake targets of 7-10 g/kg BM without specific instructions or knowledge of nutrition and food composition. Similarly, Peters and Goedzsche (1997) examined the pre-race dietary intake in a group of sub-elite ultradistance runners prior to an 89-km ultra-endurance marathon and reported CHOintakes below the recommended range.
Although CHO-loading is associated with an increase in endurance capacity (Ahlborg et al., 1967b; Bergström et al., 1967; Christensen & Hansen, 1939; Galbo et al., 1979; Brewer, Williams, & Patton, 1988; Lamb, Snyder, & Baur, 1991) , endogenous glycogen stores are limited and hepatic glucose production can only sustain euglycemia for ~1.5-2.5 hours of sub-maximal exercise in the fasted state (Coyle et al., 1983) . Several studies have shown that the ingestion of CHO during prolonged intense exercise will prevent the development of hypoglycemia by maintaining or raising the circulating glucose levels (Coggan & Coyle, 1987; Coyle, Coggan, Hemmert, & Ivy, 1986; Coyle et al., 1983) . In addition, exogenous CHO serves as the predominant fuel source in the latter stages (after 2-3 hours) of prolonged continuous exercise when muscle glycogen stores are low (Coggan & Coyle, 1991) . Therefore, CHO ingestion during ultra-endurance events (>4-5 hours) is critical to prevent hypoglycemia and delay fatigue. General sports nutrition guidelines recommend CHO intakes of 30-60 g per hour of exercise (Coyle, 2004) .
Although there are a number of studies examining the effect of CHO-loading on endurance performance lasting ~1.5-4 hours, the available literature on pre-race nutritional strategies and CHO intakes, including information on the use of dietary supplements and sports foods, before and during ultra-endurance exercise (4-5 hours) in recreational and sub-elite athletes is limited. Therefore the aim of the study was to investigate the pre-and during race dietary and supplement intake of cyclists competing in a 210-km 1-day ultra-endurance cycle race.
METHODOLOGY

Subjects and study design
Forty five endurance-trained male cyclists participated in this dietary survey that was undertaken to characterize the pre-and during race dietary and supplement intakes of cyclists competing in a 210-km 1-day competitive mass participation ultraendurance cycle race. Male cyclists that registered for the 2005 Double Century cycle race (an annual 210-km 1-day ultra-endurance cycle race held in the Western Cape, South Africa) were recruited from local cycle gyms and training centers. The course of the race was undulating (altitude between 300 and 800 m above sea level) and included long climbs, steep down hills and flat sections. When the race profile was replicated in the laboratory, the relative intensity varied (~50-75% of peak power output) along the course with an overall mean heart rate (HR) of ~75-80% HR max.
The study was approved by the Research and Ethics Committee of the Faculty of Health Sciences of the University of Cape Town. The subjects were informed of the nature of the study and written informed consent was obtained prior to the start of the study.
Data collection
One week prior to participation in the 210-km cycle race, subjects were provided with the appropriate forms to complete during the study. The forms included a 3-day dietary record form with written instructions on how to accurately record dietary intake, as well as a questionnaire for the subjects to record their pre-and during race dietary intakes, as well as their systemic (i.e. headaches, dizziness, cramps) and/or gastro-intestinal (i.e. stomach cramps, diarrhoea etc.) symptoms. In addition, the subjects were required to record their age, weight and height.
Three days prior to the 210-km cycle race, subjects completed the 3-day dietary record. Subjects were required to log any food, beverage or supplement, describing the nature of the product (i.e. full cream milk, white bread, skinless chicken etc.), the method of preparation (i.e. fried, grilled, roasted etc.) and the brand name where relevant (i.e. different supplement brands). Dietary intakes were quantified using household measures (i.e. 1 teaspoon, ½ cup, 1 slice of bread etc.), weight (grams), volume (i.e. 200 ml milk) and dimensions (i.e. 1 x 8 cm diameter pizza). Subjects were also required to indicate if the reported pre-race diet was representative of their usual daily intake and to stipulate reasons for any differences (i.e. they were CHOloading or had social arrangements). On race day, cyclists were asked to record their pre-race meal, and then immediately after completing the race, to recall what they ate and drank during the race, describing the quantity and type of product (i.e. ½ a banana, 400 ml coke etc.), specifying the brand name where a supplement was used. Subjects were also required to report any systemic (i.e. headaches, dizziness, cramps) and/or gastro-intestinal (i.e. stomach cramps, diarrhoea etc.) symptoms that they might have encountered during the race.
The 3-day dietary records were analyzed with the Food Finder 3 programme (Medtech (Pty) Ltd, Medical Research Council, Tygerberg, South Africa) to determine the subjects' self-reported energy intake and macronutrient consumption.
Data collection and analysis was performed by a registered dietician. Supplements were analyzed according to the manufacturers' specifications as stipulated on the product label, and the macronutrient values were added to total dietary intakes. For the purpose of this paper, supplements included sport-specific supplements (i.e. carbohydrate drinks, carbohydrate gels, protein powders etc.) and sport-specific foods (i.e. energy bars, protein bars etc.). Vitamin and mineral supplements were excluded from the analysis.
The possibility of under-reporting of energy intake (Ei) in the present study was evaluated by the calculation of the mean reported Ei in relation to predicted basal metabolic rate (BMR) (Ei:BMR) (Schofield, 1985) over the 3 days prior to the race according to the method of Goldberg (Goldberg et al., 1991) . The Ei:BMR was adjusted for males with different physical activity levels (PAL)] as described by Black (2000) , with Ei:BMR values <1.21 (cut-off for males with a medium PAL) being considered as under-reporting. Although subjects in the present study were all endurance-trained with a presumably high PAL, it was assumed that subjects were tapering during the experimental period and reducing their training volumes, hence the cut-off value for medium PAL were used to identify under-reporters.
Statistical Analysis
Values are presented as the mean ± standard deviation (SD). A One-way ANOVA to compare mean macronutrient intakes on the different days was performed using STATISTICA analysis software (Version 7, Statsoft, Tulsa, OK, USA). Independent T-tests were performed to test differences between CHO-loaders and non-loaders and Pearsons correlations were used to explore the associations between CHO intake (g/hour) and performance time (hour plus fraction of hour). A multiple linear regression was used to explore the association between CHO intake and performance independent of ability. Statistical significance was accepted at P<0.05.
RESULTS
Subject characteristics
The mean self reported age, weight and height of the cyclists who participated in this study were 39±10 years, 75.6±7.3 kg and 1.79±0.07 m, respectively. Although the training status (VO 2peak and/or peak power output) of these athletes were not measured in the laboratory, the majority (91%) of the subjects completed an Argus Cycle Tour in the past two years, for which the finishing time and finishing position (expressed as a percentage of the total field) was used as a "marker" of training status/rider ability. The Argus Cycle Tour is a highly competitive annual mass participation 105-km cycle race held in the Western Cape that attracts ~30 000, riders ranging from recreational to elite. A finishing time of less than 3h15-3h30 min (mean speed ~30-32 km/hour) for the Argus Cycle Tour can be regarded as welltrained. The mean finishing time for the subjects in the present study was 3h14±17 min. Fifty percent of the subjects finished in the top 5% of the field (sub 3h10 min race time), 43% finished in the top 25% (3h10-3h40 min race time) and the remaining 7% finished in the top 45% of the field (3h40-4h05 min race time), suggesting that the majority of these cyclists were well trained. Mean 210-km race time was 7h18±1h03 min, with the fastest cyclist finishing in 5h54 min and the slowest cyclist finishing in 10h25 min. Although the 210-km race was also a mass participation race which attracted competitors and social riders, the majority of subjects in the present study raced the event with the mean finishing time within the top 35% of the field.
Habitual dietary intake 3 days prior to the race
Mean reported energy intake (kJ) in relation to calculated basal metabolic rate (kJ) (Ei:BMR) over the 3 days prior to the race was 1.8±0.4 ranging from 1.23-2.87.
Three subjects had an Ei:BMR value of >2.62, which would normally be considered over-reporting. However, since the subjects were CHO-loading, the data was not excluded from the analysis. One subject was identified as an under-reporter (Ei:BMR <1.21) and his data was excluded from subsequent analysis.
The mean energy and macronutrient intakes over the 3-day period prior to the race are summarized in Table 1 . CHO contributed the majority (54%) to total energy, whilst protein and fat contributed 15% and 31%, respectively. There was a weak, but significant correlation between mean CHO intake over the 3-day period prior to the 210-km race and race performance (r=0.32, p<0.05). Examining the three days individually (Table 2) , the reported mean total energy intake for the day before the race (D-1) was significantly higher compared to D-2 and D-3 (p<0.01), largely due to a higher total CHO intake on D-1 (p<0.01), which was derived from both CHO supplements (75±106 g vs. 42±52 g and 47±64 g, p=0.057) and dietary CHO sources (393±149 g vs. 355±116 g and 349±118 g, p=0.06) on D-1 vs. D-2 and D-3, respectively. The relative contribution (% of total energy) of CHO, protein and fat to total energy intake were very similar on the three days (Table 2) .
Fifty seven percent (n=25) of the subjects indicated that they CHO-loaded for 1-3 days before the race. Although it is general practice to CHO-load for 3 days, ingesting 7-10 g CHO/kg BM, almost half (n=12) of these subjects indicated that they CHO-loaded for only 1 day (D-1), achieving a mean CHO intake of 6.0±1.9 g/kg BM on D-1 (Table 3 ). The subjects that indicated that they did not CHO-load, reported a lower mean CHO intake over the 3-day period prior to the race compared to the CHO-loaders (p=0.052). Mean reported CHO intake on D-1 was also lower, although not significantly for the non-loaders compared to the CHO-loaders (Table 3) . Overall, 14% of all subjects reported CHO intakes of 7 g/kg BM over the 3 days prior to the race, 15% reported a moderate-to-high CHO intake (6-7 g/kg BM), 62% reported a moderate CHO intake (4-6 g/kg BM) and 9% reported a low CHO intake (<4 g/kg BM) over the 3 days prior to the race. The most popular dietary CHO-rich foods were pasta and pizza, with 89% of the subjects reporting that they had either pasta or pizza or a combination of both during the 3 days leading up to the race.
The majority (84%) of the subjects indicated that they used some form of supplement during the 3 days leading up to the event. During this period, the use of 36 different supplements was reported and included mostly CHO (64%) and protein (28%) supplements. The different types of supplements used are summarized in Table 4 .
Pre-event breakfast/meal
The majority of subjects (95.5%) consumed a pre-event breakfast/meal. Mean total energy intake for the pre-event meal was 1.9±0.6 MJ (24±8 kJ/kg). Mean CHO intake was 76±32 g (1.0±0.4 g/kg) and contributed 70% to total energy whilst protein and fat contributed 16% and 14%, respectively. Breakfast cereal, including oats, corn flakes, a local cereal brand ("ProNutro") and muesli, which were served with milk or yoghurt, were the most popular breakfast choice (75%). Other options included bananas, bread or toast, muffins and raisin buns. Coffee was the most popular beverage to accompany breakfast (24%), followed by energy drinks (21%) and fruit juice (7%). Forty one percent of the subjects that consumed breakfast ingested a supplement with breakfast on the morning of the race. Supplements included CHOloading drinks, CHO energy drinks or powders, protein shakes/meal replacement formulas and energy bars. Despite the popular use of supplements, especially on D-1, the majority of energy was still derived from dietary food sources (92% food energy vs. 8% supplement energy).
Dietary and supplement intake during the race
Energy and CHO intakes during the 210-km cycle race are presented in Table 5 . The majority of energy (86%) was derived from CHO with a mean estimated CHO intake of 445±139 g. Mean reported CHO intake per hour of riding was 63±23 g, with CHO intakes ranging from 28-145 g/hour. The majority of subjects (98%) achieved the recommended CHO intake of 30-60 g/hour of riding that is required to maintain euglycemia during prolonged (>90 minutes) exercise (Coyle, 2004) . CHO supplements accounted for most of the CHO energy consumed (76±20%). The majority of subjects (98%) indicated that they used some form of supplement during the race, with 9% of the subjects using only supplements and 89% using supplements and food. One subject relied on food and water alone. There was a significant positive correlation between CHO intake during the race (g/hour) and 210-km race performance (r=0.44, p<0.01).
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Thirty nine supplements were used during the race and included mostly CHO-rich energy drinks (19 different brands of CHO drinks), gels (10 different brands of energy gels) and bars (9 different brands of bars). The different categories of supplements that were used during the race are summarized in Table 4 . Most of the dietary CHO were derived from bananas, baby potatoes, fruit cake, sandwiches and sugary sweets (Table 6 ). Reported total mean fluid intake (water, beverages and supplements) during the 210-km cycle race was 4310±1311 ml, corresponding to a mean fluid intake of 600±178 ml/hour and ranged from 282-1167 ml/hour. When expressed relative to body weight, mean reported fluid intake was 8.0±2.4 ml/kg/hour and ranged from 3.1-16.7 ml/kg/hour. Fluid intake during the 210-km cycle race was not associated with race performance (r=-0.13, p=0.404).
Reported symptoms during the race
Forty one percent of the subjects (n=18) reported some form of adverse symptom/s during the race. The main symptoms included muscle cramps (33%) and abdominal discomfort/nausea (33%). Other symptoms included loss of appetite (n=2), headache (n=1) and low blood sugar levels ("hitting the wall") (n=2).
DISCUSSION
Fatigue during prolonged (>90 minutes) exercise is associated with, amongst other factors, the depletion of glycogen stores in trained (Ahlborg et al., 1967b; Bergström et al., 1967; Galbo et al., 1979) and untrained (Ahlborg et al., 1967a; athletes. Athletes are therefore recommended to CHO-load (7-10 g CHO/kg BM/day) during the 3 days leading up to an event (Burke et al., 2001 ).
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Despite these recommendations, we found that the mean self-reported CHO intakes achieved during the 3 days leading up to the 210-km race were only 5.6±1.7 g/kg BM/day, which is well below that recommended. Bussau and colleagues (2002) demonstrated that a CHO intake of ~10 g/kg BM/day combined with active rest for as little as 1 day can maximize muscle glycogen stores in well trained athletes. It is important to note that the subjects in this study undertook their last training session the day before the loading protocol officially started, so in essence the true loading phase was ~36 hours (Bussau et al., 2002) .
Although in the present study the subjects reported a significantly higher CHO intake on the day before the race (D-1) compared to D-2 and D-3, the mean self-reported CHO intake on D-1 was only 6.3±2.4 g/kg BM. In fact, only 32% (n=14) of all subjects in the present study achieved CHO intakes 7 g/kg BM on D-1, of which only four had intakes 10 g/kg BM.
In contrast to our findings, a review characterizing the dietary intake of highly-trained endurance cyclists reported pre-competition CHO intakes of 6.8-7.8 g/kg BM/day (Economos, Bortz, & Nelson, 1993) . Reported pre-competition energy intakes were also higher compared to the present study (205-252 kJ/kg vs. 176 kJ/kg) (Economos et al., 1993) . More recently, Burke et al. 2000 demonstrated that highly trained male athletes typically achieve CHO intakes within the recommended range. The lower mean reported CHO and energy intake in the 1-3 days prior to the ultra-endurance event in the present study could possibly be explained by two factors, namely, the level of athletes and the dietary period of interest in this study. Firstly, the majority of the available information on the nutritional intake of road cyclists includes males those of the more competitive athletes, were based on past experience and 'trial and error', with choices been made to improve performance. The less competitive athletes were extremely interested in the idea of manipulating pre-race nutrition to improve performance, but still tended to be in the 'trial and error' phase (Robins & Hetherington, 2005) .
Secondly, the period of interest that was investigated in the majority of studies examined a specific occasion (e.g. racing in a 5-day tour), a typical training diet and/or the athlete's 'every-day' or 'typical' diet. The period of interest in the current study, i.e. the 1-3 days prior to the 210-km ultra-endurance event does not necessarily represent a 'typical', 'training' or 'competition' diet. The only other study that measured dietary intake in the same period (i.e. 1-3 days prior to a 1-day ultraendurance event), and in the same level of athletes prior to an ultra-endurance marathon reported CHO intakes of 441±255 g (6.1 g/kg) (Peters & Goedzsche, 1997). Mean reported total pre-race energy, macronutrient and supplement intake in the present study were also similar to those reported by Peters and Goedzsche (1997) .
There was a weak, but significant correlation between mean self-reported CHO intake over the 3-day period prior to the 210-km cycle race and race performance (r=0.32, p=0.034). However this finding was possibly confounded by the suggestion that higher level athletes might have a better nutritional knowledge than recreational athletes (Robins & Hetherington, 2005) , and that the top 25% of athletes in the present study reported a higher CHO intake over the 3-day dietary period compared to the lowest 25%. Indeed, when covarying for Argus Cycle Tour time ("marker" of training status), we failed to demonstrate a correlation between mean self-reported CHO intake over the 3-day period prior to the 210-km cycle race and race performance. Although it is well documented that CHO-loading elevates muscle glycogen stores (Ahlborg et al., 1967b; Bergström et al., 1967; Sherman, Costill, Fink, & Miller, 1981; Galbo et al., 1979) , prolongs endurance time to fatigue (Ahlborg et al., 1967b; Bergström et al., 1967; Galbo et al., 1979; Brewer et al., 1988; Lamb et al., 1991) , and enhances time-trial performance in trained (Karlsson et al., 1971; Williams et al., 1992; Widrick et al., 1993; Rauch et al., 1995; Sullo et al., 1998) and untrained (Sullo et al., 1998) individuals, in events lasting ~90-180 minutes, the benefits of CHO-loading requires confirmation in a randomized placebo-controlled trial in athletes of different ability. In addition, to our knowledge, there are no studies that have specifically examined the effects of CHO-loading on ultra-endurance (>4-5hrs) exercise performance. Nonetheless, CHO-loading is generally accepted as the dietary strategy of choice for an event of this nature.
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Despite general recommendations for athletes to CHO-load (7-10 g CHO/kg BM/day) 1-3 days prior to endurance and ultra-endurance events, only 57% (n=25) of the subjects indicated that they did this. Moreover, the mean self-reported CHO intake for the CHO-loaders prior to the race was below the recommendations for CHOloading, with only 23% of CHO-loaders achieving the minimum recommended CHO intake ( 7 g/kg BM) in the 3-days prior to the race. This demonstrates a marked discrepancy between perceived and actual intakes of CHO. Burke and Read (1987) demonstrated similar findings in a group of 76 marathon runners who failed to reach daily CHO intake targets of 7-10 g/kg BM after practicing a variety of methods that they believed would achieve these intakes. Burke (1995) suggested that in a freeliving situation, without specific instructions or knowledge of nutrition and food composition, athletes are limited in their ability to achieve the dietary requirements of CHO-loading. A typical example of the lack of knowledge regarding nutrition and food composition is the choice of pizza as a CHO-rich food by a quarter of the subjects in this study. A typical medium thin-base pizza is high in fat (~20 g per pizza) and contains ~60 g CHO. In contrast, a plate of low-fat tomato-based pasta contains ~120 g CHO and less than 8 g of fat. In our study, the subjects who achieved higher CHO intakes, ingested more CHO in the form of supplements compared to those not meeting the requirements (21% of CHO energy vs. 11% of CHO energy, respectively). In addition, these subjects chose the more concentrated CHO-loading (>15% CHO) and energy drinks, which are energy dense, practical to use and easy to consume.
Although the majority of subjects failed to meet recommended CHO intakes during the 1-3 days prior to the race, this was not the case on race day, as on average, the cyclists met the recommended CHO and fluid intakes. Mean self-reported CHO intake on the morning of the race was 1.0±0.4 g/kg BM, within the recommended range of 1-4 g of CHO/kg BM (Hargreaves, Hawley, & Jeukendrup, 2004) . Mean self-reported CHO intake during the race was 63±23 g/hour, which was slightly higher than the recommended CHO intake (i.e. 30-60 g/hour) to maintain normal blood glucose levels (Coyle, 2004) . The upper range of 60 g/hour is based on the maximal rate of exogenous glucose oxidation (~1 g/min) (Jeukendrup & Jentjens, 2000) . However, when different sugars (i.e. glucose and fructose) are combined, higher rates of exogenous CHO oxidation have been reported (~1.3 g/min) (Jentjens, Achten, & Jeukendrup, 2004; Jentjens & Jeukendrup, 2005) , suggesting that CHO intakes of greater than 60 g/hour of exercise are not necessarily redundant. There was a significant positive correlation between self-reported CHO intake during the 210-km race and race performance (r=0.44, p<0.01), however, similar to the findings for the association between pre-exercise CHO intake and performance, this was not longer significant when adjusting for athletes ability. Exogenous CHO serves as the predominant fuel source in the latter stages (after 2-3 hours) of prolonged continuous exercise when muscle glycogen stores are low (Coggan et al., 1991) , and is critical to prevent hypoglycemia and delay fatigue (Coyle et al., 1983; Coggan et al., 1987; Coyle et al., 1986) . The majority of energy and CHO during exercise was derived from supplements such as CHO energy drinks, gels and bars that provided a compact and practical source of available energy. al., 2007), it is suggested that athletes should drink enough to prevent excessive dehydration (>2% body loss from water deficit) and excessive changes in electrolyte balance (generally 400-800 ml/hour, depending on environmental conditions). The mid-day termperature on race day was ~28-30 degrees Celcius. The majority of subjects (81%) achieved fluid intakes between 400-800 ml/hour. It was interesting to note that the majority of subjects who experienced muscle cramps reported a low fluid intake of less than 500 ml/hour (5.9-7.6 ml/kg/hour). In early anecdotal reports, exercise associated muscle cramping (EAMC) was associated with, amongst other things, profuse sweating and dehydration, as well as warm environmental conditions (Helge, Watt, Richter, Rennie, & Kiens, 2002) . However, recent studies have failed to support these findings (Schwellnus, Nicol, Laubscher, & Noakes, 2004) .
Premature muscle fatigue and abnormal neuromuscular control at the spinal level in response to fatiguing exercise has been proposed as a possible alternative explanation for EAMC (Schwellnus, 2007) .
As with any dietary survey study, there are limitations to the accurate assessment of dietary intake (Schoeller, 1990 (Schoeller, & 1995 . We have attempted to reduce the likelihood of misreporting by excluding under-reporting. However, this was difficult due to the fact that the dietary period of interest in the present study represented a typical prerace diet and not a typical habitual diet. A cut-off value for athletes with a medium physical activity level (Ei:BMR < 1.21) was used to identify under-reporters since it was assumed that subjects were tapering during the experimental period and reducing their training volumes prior to the 210-km race, but not necessarily altering their total energy intake. A further limitation to the present study was that household measures were used to quantify food intake instead of food scales due to limited facilities (requirement of 50 individual scales). However, a recent review from Burke et al. (2001) showed that most surveys in athletic populations used a 3-to 4-day food diary with the quantification of intake described by household measures. Finally, we did not record the subjects' training history or their official training status in the laboratory, but Argus Cycle Tour race performance times and finishing position provide some form of criteria to characterize the ability of the riders.
In conclusion, the majority of subjects in the present study failed to meet the typical recommended pre-race CHO intake of 7 g/kg BM per day. In addition, there was a discrepancy between perceived and actual self-reported intakes of CHO. Laboratorybased studies are required to determine if CHO is in fact beneficial for ultraendurance performance in athletes of different ability, with a view to devise scientifically-based recommendations for sub-elite athletes competing in ultraendurance events. Once scientific recommendations are known, sports nutritionists and coaches can advocate specific pre-race CHO intakes and ensure that their athletes are educated in terms of nutrition and food composition, and given specific instructions on how to achieve optimal CHO intakes (i.e. type and quantities of CHOrich foods) prior to ultra-endurance events.
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